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(54) THEFT PREVENTIVE TAG AND METHOD FOR ATTACHING THE SAME 



(57) The resonance frequency of a resonant circuit 
section (14) does not change even if the surface of an 
article whose theft is monitored is formed of any mate- 
rial. An antitheft tag (12) mounted on the article (11) 
whose theft is monitored includes a resonant circuit sec- 
tion (14) resonating with the radio wave having a partic- 
ular frequency and transmitted from a transmitting 
antenna. An electromagnetic shield layer (16) formed of 
an insulating material is interposed between the mount- 
ing surface of the article (11) and the resonant circuit 
section (14). The electromagnetic shield layer (16) may 
be formed of ferrite powder or soft magnetic powder 
which has a particle size of 10 |xm or less and plastic or 
rubber or may be formed by laminating a first layer com- 
posed of a composite material and a second layer com- 
posed of plastic or rubber. Preferably, the soft magnetic 
powder is any of amorphous alloy, Permalloy, soft mag- 
netic iron, silicon steel, Sendust alloy and Fe-AI alloy. 
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Description 



BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to a tag for notifying that an article the theft of the which is monitored is taken 
out without permission and to a method of mounting the tag. 

w 2. Description of the Related Art 

[0002] Conventionally, there is disclosed, as this type of antitheft tags, an antithett tag arranged such that the resonant 
circuit seciion of a tag mounted on an article whose theft is monitored is in resonance with the radio wave having a par- 
ticular frequency and transmitted from a radio wave transmitter, a separation sensing means senses whether or not the 

is tag is separated from the article whose theft is monitored and a separation notifying unit controis a notifying sound out- 
put means based on the sensed output from the separation sensing means (Japanese Unexamined Patent Publication 
No. 8-185584). In the antitheft tag, the resonant circuit section is composed of conductive metal foils having a predeter- 
mined shape which are formed on both the sides of an insulting dielectric thin film by etching or the like. For example, 
a dielectric circuit portion and a capacitor circuit portion are formed on the front surface of the thin film as a front surface 

20 flat pattern. The dielectric circuit portion is composed of a conductive metal foil and formed to a swirl shape, and the 
capacitor circuit portion is formed so as to continue to the center of the swirl of dielectric circuit portion. The separation 
sensing means is a removal sensing switch having an actuating lever which projects to the surface of the tag on which 
the tag is mounted. A power supply and a buzzer are electrically connected to the sensing switch. The separation noti- 
fying unit is a circuit composed of the removal sensing switch, the power supply and the buzzer which acts as the noti- 

25 fying sound output means. When the tag is mounted on the article, the actuating lever is pressed by the article, whereby 
the removal sensing switch is turned off. Whereas, when the tag is removed from the article, the actuating lever projects, 
whereby the removal sensing switch is turned on. 

[0003] Further, a transmitting antenna and a receiving antenna stand at a predetermined interval at the entrance and 
the exit of a shop where the article whose theft is monitored is sold. These antennas are electrically connected to a con- 

30 trailer. The controller causes the transmitting antenna to transmit a radio wave having a frequency with which the reso- 
nant circuit section resonates as well as checks the signal level of the signal received by the receiving antenna at all 
times. Further, a speaker for issuing a warning is connected to the control output of the controller. 
[0004] In the antitheft tag arranged as described above, when the article whose theft is monitored is going to pass 
between the transmitting antenna and the receiving antenna regardless of that the price for it is not paid, the receiving 

35 antenna receives a signal whose receiving level is modulated because the radio wave transmitted from the transmitting 
antenna is resonated by the resonant circuit section of the tag mounted on the article whose theft is monitored. As a 
result, the controller issues a warning from the speaker so that the taking-out of the article whose price is not paid can 
be checked. In contrast, when the tag is removed from the article, the sensing switch is turned on by the projection of 
the actuating lever and the buzzer is sounded. Thus, the theft of the article can be reliably monitored. 

40 [0005] However, in the conventional antitheft tag, when the tag is mounted on an article whose surface is formed of 
a conductive material such as aluminum and the like or a ferromagnetic material such as a steel sheet and the like, the 
resonance frequency of the resonant circuit section is changed and the tag is not resonated sometimes as compared 
with a case that the tag is mounted on an article whose surface is formed of an insulating material and a non-magnetic 
material because the serf-inductance of the resonant circuit section changes. 

45 [0006] An object of the present invention is to provide an antitheft tag having a resonant circuit section whose reso- 
nance frequency does not change depending upon the material of the surface of an article whose theft is monitored and 
a method of mounting the antitheft tag. 

[0007] Another object of the present invention is to provide an antitheft tag whose thickness can be reduced and which 
can be made at a low cost and a method of mounting the antitheft tag. 



SUMMARY OF THE INVENTION 

[0008] An invention according to a first aspect of the invention relates to the improvement of an antitheft tag which is 
mounted on an article, the theft of which is monitored and which includes a resonant circuit section resonating with the 
55 radio wave having a particular frequency and transmitted from a transmitting antenna. 

[0009] The characteristic arrangement of the invention resides in that an electromagnetic shield layer is interposed 
between the mounting surface of the article and the resonant circuit section. 

[0010] In the antitheft tag. when the resonant circuit section is mounted on the article whose surface is formed of a 
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Weir v ~— ■ 
. | . Q < amorphous alloy. Permalloy, soft 
• oowder may be composed of any ot amoip>« 
[00231 m the anfitheft ^A^^Spe-AI alloy. ^ and ^ r,ke. The amorphous 

ro0251 ExemplHied as specific exampl^°^ e of 84 wt% of Co, 3.3 wt% of ^V 3 *"? or ^ 0 , 8n . 9 

So^UndZ-a^ofB ana^co^ 

r0027l txenip""^- «--- M Sinimax, Kaaiomeiai. • — *■ 

1 P . J*. Wm. are 78 . Permall0 y. «W^ij£S£S^ square hysteresis Permalloy. 

[00291 Used as the soft magnetic iron a , . r.^n steel and the like. 

« mo371 With this method, the antrtheft tag can oe ^ ^ front surface 

of the high conductivrty teyer d theteg as mQfe y mounted on the art« may be formed 

of any of an aluminum sheet, a coppe 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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[0057] Note that while the drink water, cooking oil and candies accommodated in the steel sheet vessel as a ferro- 
magnetic material are exemplified as the article in the first and second embodiments, the embodiments are also appli- 
. table to the drink water or the like accommodated in an aluminum vessel as a conductive material or to an article 
formed of an insulating material, a non-magnetic material and any other material When the article is a book, the tag of 
5 the present invention can be bonded to a sales slip by an adhesive. When the book is bought by paying the price for it, 
the sales slip is removed therefrom at an accounting counter. Thus, the speaker issues no warning even if the book is 
caused to pass between the transmitting antenna and the receiving antenna. 

[0058] While the coil portion is formed to the approximately square swirl shape in the first and second embodiments, 
it may be formed to an approximately circular swirl shape or other swirl shape. 
w [0059] Further, the electromagnetic shield layer is mounted on the surface of the article through the adhesive layer in 
the first and second embodiments, it may be mounted on the surface of the article through an adhesive tape having an 
adhesive agent applied to both the sides thereof. 

[00601 Next, examples of the present invention will be described in detail together with comparative examples. 



is < Example 1 ) 

[0061] A resonant circuit section 14 shown in Fig. 4 was formed. That is. an insulating base sheet 17 was prepared 
which was composed of a thin polyethylene of 5 cm long and 5 cm wide and had aluminum foils bonded on both the 
sides thereof by an adhesive. A coil portion 31 having a first electrode portion 31a and a first terminal portion 31b at the 

20 internal end and the external end thereof were printed to the aluminum foil of one of the surfaces of the polyethylene 
using an etching resistant paint by silk screen. A terminal section 32 having a second electrode portion 32a and a sec- 
ond terminal portion 32b. which confronted the first electrode portion 31a and the first terminal portion 31b at both the 
ends thereof, were printed to the aluminum foil of the other surface of the polyethylene by the silk screen as shown by 
the broken line in the figure. Etching was performed after the paint was dried. Subsequently, the first terminal portion 

25 31b was caused to come into contact with the second terminal portion 32b under pressure by compressing and break- 
ing the polyethylene therebetween, whereby the resonant circuit section 14 was formed by forming a capacitor 19 by 
the first terminal portion 31b and the second terminal portion 32b. 

[0052] A tag was obtained by bonding an electromagnetic shield layer composed of a styrol sheet as an insulating 
material which was 5 cm long, 5 cm wide and 1 cm thick. The tag 1 was referred to as an example 1 . 

30 

(Example 2) 

[00S3] Although not shown, Ni-Zn sintered ferrite was pulverized in a mortar and ground in a ball mill. Subsequently, 
Ni-Zn sintered ferrite powder was prepared by causing the thus ground Ni-Zn sintered ferrite to pass through a sieve 
35 having a particle size of 10 n,m. 90 wt% of the powder and 1 0 wt% of an epoxy resin were sufficiently blended in a small 
amount of acetone and put into a mold, and an electromagnetic shield layer composed of an epoxy resin sheet, which 
was 5 cm long, 5 cm wide and 5 mm thick and in which the ferrite powder was dispersed, was obtained. A tag was 
obtained by bonding the electromagnetic shield layer to the resonant circuit section obtained in the example 1 . The tag 
was referred to as an example 2. 

40 

< Example 3 > 

[0OS4] Although not shown, 90 wt% of soft magnetic iron powder having an average particle size of 2 fun and 20 wt% 
of an epoxy resin were sufficiently blended in a small amount of acetone and put into a mold, and an electromagnetic 
45 shield layer composed of an epoxy resin sheet, which was 5 cm long. 5 cm wide and 5 mm thick and in which soft mag- 
netic iron powder was dispersed, was obtained. A tag was obtained by bonding the electromagnetic shield layer to the 
resonant circuit section obtained in the example 1. Trie tag was referred to as an example 3. 



(Example 4) 

50 

[0065] Although not shown, an epoxy resin sheet, which was 5 cm long, 5 cm wide and 3.5 mm thick and in which 
ferrite powder was dispersed, was obtained by a procedure similar to that of the example 2. An electromagnetic shield 
layer composed of a laminated body was obtained bonding a styrol sheet, which was 5 cm long. 5 cm wide and 3 mm 
thick, to the resin sheet. A tag was obtained by bonding the electromagnetic shield layer to the resonant circuit section 
55 obtained in the example 1 . The tag was referred to as an example 4. 
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(Example 5) 



[0066] A resonant circuit section was made to a shape similar to that of the example 1. A first layer was not used in 
an electromagnetic shield layer and an acrylic sheet as an Insulating material which was 5 cm long, 5 cm wide and 10 
5 mm thick was used as the second layer of the electromagnetic shield layer. The electromagnetic shield layer was 
bonded to the resonant circuit section. Further, an aluminum sheet which was 5 cm long, 5 cm wide and 0.3 mm thick 
was used as a high conductivity layer. A tag was obtained by bonding the high conductivity layer to the front surface of 
the electromagnetic shield layer. The tag was referred to as an example 5. 

w (Example 6) 

[0067] A resonant circuit section was made to a shape similar to that of the example 1 . A second layer was not used 
in an electromagnetic shield layer and a Ni-Zn ferrite composite material was used as the first layer of the electromag- 
netic shield layer. The composite material was made by sufficiently blending 80 wt% of Ni-Zn sintered ferrite powder, 

15 which was ground to a particle size of 10 ^m or less, and 20 wt% of an epoxy resin in a small amouni of acetone, putting 
them in a mold and solidifying them therein. The size of the composite material was 5 cm long, 5 cm wide and 2 mm 
thick. The electromagnetic shield layer was bonded to the resonant circuit section. A high conductivity layer was made 
of a material similar to that of the high conductivity layer of the example 5 and formed to a shape similar to the shape 
thereof. A lag was obtained by bonding the high conductivity layer to the front surface of the electromagnetic shield 

20 layer. The tag was referred to as an example 6. 



[0068] A tag similar to that of the example 6 except that a high conductivity layer was made of a copper sheet which 
25 was 5 cm long. 5 cm wide and 0.3 mm thick. Trie tag was referred to as an example 7. 



[0069] A tag similar to that of the example 6 except that a high conductivity layer was made of an aluminum foil which 
30 was 5 cm long. 5 cm wide and 1 5 |im thick was made. The tag was referred to as an example 8. 

(Example 9) 

[0070] A tag similar to that of the example 6 except that a high conductivity layer was made of a silver thick film which 
35 was 5 cm long, 5 cm wide and 1 0 \im thick was made. The tag was referred to as an example 9. 

(Example 10) 

[0071] A tag similar to that of the example 6 except that a high conductivity layer was made of an ITO film which was 
40 5 cm long, 5 cm wide and 1 0 \iir\ thick was obtained. The tag was referred to as an example 10. 



[0072] A tag similar to that of the example 6 except that an electromagnetic soft iron composite material was used as 
45 the first layer of an electromagnetic shield layer was made. The tag was referred to as an example 11. Note that the 
electromagnetic soft iron composite material was made by sufficiently blending 80 wt% of soft magnetic iron powder, 
which was ground to a particle size of 10 \im or less, and 20 wt% of an epoxy resin in a small amount of acetone, putting 
them in a mold and solidifying them therein. The size of the composite material was 5 cm long, 5 cm wide and 2 mm 
thick. 



[0073] A tag was made similarly to the example 6 except that an acrylic sheet was interposed between the first layer 
of an electromagnetic shield layer and a high conductivity layer as the second layer of the electromagnetic shield layer. 
55 The tag was referred to as an example 12. The size of the second layer was 5 cm long, 5 cm wide and 1 mm thick. 



(Examp!e-7> 



(Example 8) 



( Example 1 1 ) 
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Table - 1 



15 



25 



30 





Electromagnetic %h 


iaid layer 


High 
conductivity 

layer 
fHucaness) 


Detection rate (%) 




First Layer 
(Thickness) 


Second layer 
(Thickness) 


Frequency 
5MHz 


Frequency 
SMHs 


Frequency 
10MHz 


Example 1 


nil 


Styrol sheet 

% IVIIIIIU 


nil 








Example 2 


Partite oompoate 

__ _ *._!_f jea _v 


nil 


nil 




• 


- 


Example 3 


Soft magnetic iron 
ronyoqU material 


nil 


nil 


* 






Example. 4 


FttnU compoexte 
materia] (35mm) 


(3 nun) 


nil 

nu 


• 




_ 


Example 5 


nil 


Aoyuc snoot 


Ahumnum sheet 

(Oinun) 


36 


35 


33 


Example 6 


F«mU composita 
material (2mm) 


nil 


Aluminum sheet 
(0.3mm2 


S3 


68 


67 


Example 7 


F*rriu oornpodto 


nil 


Copper sheet 

en o.illA 


64 


64 


63 


Example 8 


Ferrite composite 
materiel (2mm) 


nil 


Aluminum foil 
(16 urn) 


64 


64 


63 


Example 9 


Ferrite composite 
material (2mp) 


nil 


Silver thick C3m 
(lOum) 


£1 






Example 10 


Ferrite composite 
miUri*] (2nnj) 


nil 


ITOfilm(lOfim) 


61 


61 


69 


Example 11 


Soft magnetio iron 
eompoeite material 

(2mm) 


nil 


Aluminum attest 
(03mm) 


69 


69 


55 


Example 12 


Ferrite composite 
material (2mm) 


Acrylic sheet 
(1mm) 


Aluminum sheet 
(03mm) 


69 


69 


68 


Comparative 
Example 1 


nil 


nil 


nil 


0 


0 


0 


Comparative 
Example 2 


nil 


nil 


Aluminum sheet 
(03mm) 


0 


0 


0 


Comparative 
Example 3 


Farxita eompoeite 
matarial (2mm) 


nil 


nil 


0 


0 


0 


Comparative 
Example 4 


Soft magnetic iron 
eompoaita matarial 

(2mm) 


nil 


nil 


0 


0 


0 


Comparative 
Example 5 


Farriu composite 
matarial (2mm) 


Acrylic sheet 
(1mm) 


nil 


0 


0 


0 



[0081 ] In Table - 1 . a "ferrite composite material" shows a "Ni-Zn ferrite composite material". 

40 

< Comparative test 2 and evaluation > 

[0082] Respective ones of antitheft tags 52 made by the examples 5 - 12 and the comparative examples 1-5 were 
prepared and bonded on laminated boxes 1 1 (boxes of 175 x 65 mm x 30 mm on which foils mainly composed of alu- 
45 minum were laminated) as articles whose theft was monitored at the corners of one surfaces thereof. Further, a trans- 
mitting antenna (300 mm wide x 1670 mm high) 13 and a receiving antenna (300 mm wide x 1670 mm high) 23 were 
disposed at an interval of 900 mm and a radio wave having a predetermined frequency was oscillated from the trans- 
mitting antenna. 

[0083] In contrast the space between both the antennas was divided into 25 small spaces 61 as shown by the two- 
so dot-and-dash-line of Fig. 7. In this state, the respective laminated boxes 1 1 provided with the tags were caused to pass 
between both the antennas 1 3. 23 so that they pass through the respective small spaces 61 . At the time, the tag 25 was 
caused to pass through one small space 61 three times by changing the direction thereof so that it is perpendicular to 
X-, Y- and Z-axes. That is, each laminated box 1 1 provided with the tag was caused to pass between both the antennas 
13 and 23 while changing the positions where it passes as well as changing the direction of the tag 52 75 times in total. 
55 Then, whether the tag 52 could be sensed or not when it passed between the antennas 13 and 23 was measured and 
a tag sensing rate (%) was calculated. Table - 1 shows the result of the calculation. Note that the frequency of the radio 
wave oscillated from the transmitting antenna was changed to 5 MHz, 8 MHz and 10 MHz. In addition, Table - 1 shows 
the types and thicknesses of the electromagnetic shield layers and the high conductivity layers of the tags of the exam- 
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pies 5-12 and the comparative examples 1 - 5. 

[0084] As apparent from Table - 1 . the tags of the comparative examples 2 - 6 could not be sensed at all, whereas 33 
- -'69 % of the tags of the examples 5-12 could be sensed. As a result, the characteristics of the tags could be greatly 
improved. 

5 [0055] Note that it is contemplated that a reason why any of the tag sensing rates of the comparative examples 3-5 
was zero is that the electromagnetic shielding function of the tags was lowered because the thickness of the electro- 
magnetic shield layer (2 mm when only the first layer was employed and 2 mm + 1 mm when the first layer and the sec- 
ond layer were employed) was too thin regardless of that no high conductivity layer was provided or because the 
content of the ferrrte powder or the soft magnetic iron powder was too small (60 wt%). 

w [0086] As described above, according to the present invention, the antitheft tag, which is mounted on an article whose 
theft is monitored, includes the resonant circuit section which is in resonance with the racflo wave having the particular 
frequency and transmitted from the transmitting antenna. Since the electromagnetic shield layer, which is composed of 
the insulating material or the composite material or which is formed by laminating the first layer composed of the com- 
posite material and the second layer composed of the plastic or the like, is interposed between the mounting surface of 

is the article and the resonant circuit section, the resonant circuit section is electromagneticaily shielded by the electro- 
magnetic shield layer while being space apart from the article by the predetermined interval which corresponds to the 
thickness of the electromagnetic shield layer. As a result, the self-inductance of the resonant circuit section does not 
almost change. That is, the resonance frequency of the resonant circuit section is approximately the same as that when 
the antitheft tag is mounted on an article the surface of which is formed of an insulating material or a non-magnetic 



[0087] Further, when the high conductivity layer is interposed between the mounting surface of the article and the 
electromagnetic shield layer, the resonant circuit section is electromagneticaily shielded from the article by the electro- 
magnetic shield layer as well as the Q value of the resonant circuit section can be increased. As a result, the self-induct- 
ance of the resonant circuit section does not almost change as well as a resonant width is made sharp. Further, since 

25 the thickness of the electromagnetic shield layer can be greatly reduced by interposing the thin high conductivity layer, 
the thickness of the tag can be reduced as a whole as well as the tag can be made at a low cost. 
[0088] In particular, when the electromagnetic shield layer contains the soft magnetic powder having a particle size 
of 10 pm or less, the occurrence of an eddy current can be suppressed in the electromagnetic shield layer even if the 
frequency of the radio wave transmitted from the transmitting antenna is high. Consequently, the thickness of the elec- 

30 tromagnetic shield layer can be reduced without almost changing the serf-inductance of the resonant circuit section. 
When the electromagnetic shield layer is interposed which is formed by laminating the first layer and the second layer, 
the thickness of the first layer (composite material) can be reduced and the amount of the f errite powder or the soft mag- 
netic powder used can be decreased, whereby a less expensive tag can be provided. 

[0089] Further, when the soft magnetic powder is used and it is composed of any of the amorphous alloy. Permalloy, 
35 soft magnetic iron, silicon steel. Sendust alloy and Fe-AJ alloy, the resonant circuit section can be electromagneticaily 
shielded reliably from the article the surface of which is formed of the conductive material or the ferromagnetic material 
because the magnetic permeability of these insulating materials is large, the coercive force thereof is small and the hys- 
teresis loss thereof is small. 

[0090] When the high conductivity layer is used and it is formed of the non-magnetic material having the electric resis- 
40 tivity of 1 0" 2 £i • cm or less such as the aluminum sheet, copper sheet, ITO film or silver thick film, the Q value can be 
increased because the high conductivity layer has high electric conductivity and is non-magnetic. 
[0091 ] Further, when the tag having no high conductivity layer is mounted on the article whose theft is monitored using 
the front surface of the electromagnetic shield layer as the surface to be mounted on the article and when the tag having 
the high conductivity layer is mounted on the article whose theft is monitored using front surface of the high conductivity 
45 layer as the surface to be mounted on the article, the tags can be properly mounted on the article without being affected 
thereby. 



so 1 . An antitheft tag which is mounted on an article (1 1) the theft of which is monitored and which includes a resonant 
circuit section (14, 54) resonating with the radio wave having a particular frequency and transmitted from a trans- 
mitting antenna (13), characterized in that an electromagnetic shield layer (16, 56) is interposed between the 
mounting surface of the article (11) and the resonant circuit section (14, 54). 

55 2. An antitheft tag according to claim 1 , 

characterized in that a high conductivity layer (55) is interposed between the mounting surface of the article (11) 
and the electromagnetic shield layer (56). 



20 



material. 



Claims 
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3. An antitheft tag according to claim 1 or 2. 

characterized in that the electromagnetic shield layer (16, 56) is formed of an insulating material. 

4. An antitheft tag according to claim 1 or 2. 

5 characterized in that the electromagnetic shield layer (1 6, 56) is composed of a composite material of ferrite powder 

and plastic or rubber. 

5. An antitheft tag according to claim 1 or 2, 

characterized in that the electromagnetic shield layer (1 6. 56) is composed of a composite material of soft magnetic 
10 powder which has a particle size of 1 0 Jim or less and plastic or rubber. 

6. An antitheft tag according to claim 1 or 2, 

characterized in that the electromagnetic shield layer (16, 56) is formed by laminating a first layer (56a) composed 
of a composite material of ferrite powder or sou magnetic powder which has a particle size of 10 Jim or less and 
75 plastic or rubber and a second layer (56b) composed of plastic or rubber. 

7. An antitheft tag according to claim 5 or 6, 

characterized in that the soft magnetic powder is composed of any of amorphous alloy, Permalloy, soft magnetic 
iron, silicon steel. Sendust alloy and Fe-AI alloy. 

20 

8. An antitheft tag according to claim 2, 

characterized in that the high conductivity layer (55) is formed of a non-magnetic material having an electric resis- 
tivity of 10" 2 n • cm or less. 

25 9. An antitheft tag according to claim 8. 

characterized in that the high conductivity layer (55) is formed of any of an aluminum sheet, a copper sheet, an alu- 
minum foil, an ITO film and a silver thick film. 

10. A method of mounting the antitheft tag (12) according to any of claims 1 and 3 to 7 on an article (11), characterized 
30 in that the antitheft tag (12) is mounted on the article using the front surface of the electromagnetic shield layer (16) 

of the tag (12) as the surface to be mounted on the article (1 1). 

1 1 . A method of mounting an antitheft tag (52) according to any of claims 2, 8 and 9 on an article (1 1 ), characterized 
in that the antitheft tag (12) is mounted on the article using the front surface of the high conductivity layer (55) of 

35 the tag (52) as the surface to be mounted on the article (1 1). 
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